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METHODANDAPPARATUS FOR IMPROVING FLUIDIC FLOW
AND SAMPLE CAPTURE

5 BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to the collection ofbody fluid and specifically, the transfer

of fluid ftom the tissue to a sampling device.

10 Description ofRelated Art

Treatment of diabetes requires frequent monitoring of levels ofblood glucose,

This is traditionaUy done in a series ofsteps involving the preparation ofa lancing device,

preparation ofa glucose meter, lancing a finger, transporting the resulting blood drop to

the meter, and finally obtaining a blood glucose reading.

15 Laiicing devices are knovvn in the medical health-care products industry for

piercing the skin to produce blood for analysis. Biochemical analysis ofblood samples is

a diagnostic tool, for determining clinical information. Many point-of-care tests are

performed using capillary whole blood, the most common being monitoring diabetic

blood glucose level. Other uses for this method include the analysis of oxygen and

20 coagulation based on Prothrombin time measurement. Typically, a drop of blood for this

type of analysis is obtained by making a small incision in the fingertip, creating a small

vround, which generates a small blood droplet on the surface of the skin.

Early methods oflancing included piercing or slicing the sWn with a needle cm:

razor. Current methods utilize lancmg devices that contain a multitude of spring, cam and

25 mass actuators to drive the lancet. These inchide cantilever springs, diaphragms, coil

springs, as well as gravity plumbs used to drive the lancet Typically, the device is pie-

cocked or the user cocks the device. The device is held against the skin and mechanically

triggers the balUstic launch ofthe lancet. The forward movement and depth ofskin

penetration of the lancet is determined by a mechanical stop and/or dampening, as well as

30 a spring or cam to retract the lancet. Spontaneous blood droplet generation is dependent

on reaching the blood capillaries and venuoles, which yield the blood sample.
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As Jancing devices have become more advanced, 36 they have become more
complex, using lower and lower volumes ofblood or body fluid. There may be difficulty

transferring low volumes of fluid from tissue to the device.

^ SIMMARY OF THE INVENTION
The present invention provides solutions for at least some of the drawbacks

discussed above. Specifically, some embodiments of the present invention provide an
miproved, integrated fluid sampling device. The invention relates to the problems in

WoodvoIumeinvariabilityduringthepostlancetwDundgenerationandblooddroplet

10 sampling. At least some ofthese and other objectives described herein will be met by
embodiments ofthe present invention.

In one aspect, the present invention relates to using an electronic tissue

penetiBtion device to drive a penetrating member into tissue, sample the body fluid and
measure analyte levels in the body fluid usmg a sensor cartridge. The invention uses

15 varioustechniquestodrawbodyfluidtowardsananalytedetectingdeviceonthe

cartridge.

In another aspect, the present invention relates to the capture ofbodily fluid

immediately upon lancing. In one embodiment, the fluid sample capture ^erture ring
may be placed in or around the pathway ofa finger penetrating member. The aperture

20 ring may have a center clearance area that allows the penetrating member to pierce ti,e

skin unobstructed. In tiiis embodiment, the aperture ring contains a series offluid
sampling meshes as to allow the release bodily fluid to "wick" into tiie fluid sampling
meshes for tiansport to die respective sensor.

One embodiment ofthis invention provides a solution to a problem, which"

25 concerns the possible inability to guarantee a stable blood volume from a finger

penetiating member wound to a sensor port located on a disposable cartridge^The

problem might be dne. to shallowness ofthe penetrating member penetration depti^ skin
surface tension issues, or the patients vascular conditions resulting in the invariability in
achieving an adequate blood droplet shape and size. There have been other stated

30 solutions such-as the delivery of.the penetrating member to the finger with a deeper
penetration depth or a contirol method to increase the amount ofblood to be produced
from the wound.
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In one embodiment, the present invention produces a concept ofa capiUaiy need

for the blood to travel directly from the wonnd to the sensor port on the cartridge. Thus

the volume ofblood produced at the wound site uregardless of its droplet geometry can

be completely transported to the analyte detecting member.

5 In another embodiment, the present invention relates to a method of improving the

fluidic flow through a membrane mesh structure for the transportation of bodily fluids

from apoint ofsampling to apoint of measurement. The use ofwicking structures to

mtroduce fluids from a surface source to either a fluid transport mechanism or

measurement has been used for many years. However, this invention deals with a method

10 to unprove the fluid transport by decreasing the time required for transport. The method

involves the proper aligmnent and selection of materials relative to surface energy.

In yet another embodiment, the present invention relates to the integration ofan

adhesive onto and within a mesh membrane for defining a fluid chamiel within flie mesh

membrane structure. In this embodiment, flie adhesive is hydrophobic and upon

15 integration into the mesh, it wiU prohibit fluidic flow where flow is not desirable by

design,
nieinventionrelatestotheintegrationofanadhesiveontoandwithinamesh

membrane for defining a fluid chamiel within the mesh membrane structure. The adhesive

is hydrophobic and upon integration into the mesh, it wiU proWbit fluidic flow where

flow is not desinrf)le by design.

20 In another embodunent, the present mvention relates to the mtegration of a mesh

membrane sample and capture structure with a capillary transport to insure stable

glucometric measurement. The structure is ftindamental to an integrated sample capture,

transport, and measurement device for reliable and accurate performance with very small

sample volumes.

25 hi a still further embodiment, the present invention relates to the integration of

hydrophobic and hydrophilic adhesives onto and within a mesh membrane for the

enhancement of fluidic capture and transport flow. The developed surface energy

properties of specific adhesive formulations has allowed the availabflity of extreme

hydrophobic and hydrophilic properties and various viscosities as to promote absorption

30 into the pores of the mesh membranes. Through proper mixing by design, flie masking of

mesh membranes has been obtainable with pressure sensitive adhesives along with fluid

attractive properties to direct optimal fluid capture, transport, and flow.
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In one embodiment of (he present invention, a body fluid sampling device is

provided for nse on a patient. TT,e device comprises a cartridge having a radial^isc
shape; a plurality ofpenetrating membei. mounted on the cartridge; a sensory material on
a first side of the cartridge, the sensory material sufficient for detecting at least one

'

analyte; and a wieking material positioned to substantially surround a penetrating member
exitsoastoacquirebodyfluidflowingfromawoundcreatedbythepenetratingmember

and draw the body fluid to the sensory material.

In one embodiment, the device may include a capillary structure coupled to the
^v.ckmg material, wherein the capiUary stnicture brings the fluid to the sensory materia]
A capillary structure may be coupled to the wicking material, the capillary structure bring
theflmd to the sensory material positioned on a plurality ofelectrodes located in the
capillary structure. A capillary structure coupled to the wicking material, wherein the
capillary structure bring the fluid to the sensory material positioned on a plurality of
electrodes and are in fluid communication with the capiUary structure, lie device may
mcludeapluralityofelectrodeseachhavingthesensorymaterial.

TTie sensory material
may be mounted on a plurality ofelectrode. A plurality ofsets of electrodes miay be
associated widi each penetrating member. The wicking material may optionally have a
lolhpop configuration. THe wicking material may optionally be oriented perpendicular to
a path ofthe penetrating member. The wicking material may be oriented to intersect a
path ofthe penetrating member. The topside connecting sections ofthe wicking member
may compriseaPETfilmhydrophobicon an outer most layer andhydrophilic on an inner
layer abutting against the hydrophobic double-sided adhesive layer. The bottom side
sections ofdie wicking member may comprise a PET film hydrophilic on the inner layer
abutting against die hydrophobic adhesive and hydrophobic on the outside, wherein an
umer fluidic chamiel region is a sandwich structure oftop PET film / fluidic mesh
stnictures/and bottom PBTfihn. wherein the PETsurfaces abutting diemesh structures
are hydrophilic. A plurality ofwicking members may be positioned in a ring
configuration around the-cartridge. A plurality ofwicking members may be positioned in
a nng configuration around the cartri-dge. with at least one wicking member for each
penetrating member in the cartridge.

In yet another embodiment ofthepresent invention, a body fluid sampling system
IS provided for measuring analyte levels in the body fluid. The system comprises a
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housing having a transparent window; a cartridge in said housing; aplurahtyof

penetrating memher in the cartridge; a sensory material on a first side ofthe cartridge, the

sensory material sufficient for detecting at least one analyte; and a widdng material

positioned to suhstantiaUy sunound a penetratmg member exit so as to acquire body fluid

5 flowing from a wound created by the penetratmg member. A wicking member may be

coupled to each ofthe analyte detecting member and positioned to extend over at least a

portion ofa penetratmg member exit chamber on the cartridge.

In yet another embodhnent of the present invention, a device may be provided

comprising a mesh membrane; an adhesive integrated onto and within the mesh

10 membrane for defining a fluid channel within the mesh membrane structure, wherein the

adhesive is hydrophobic and upon integration into the mesh, will prohibit fluidic flow

where flow is not desirable by design. The adhesive may integrate onto and within a

mesh membrane for defining a fluid channel within the mesh membrane structure.

la yet another embodiment ofthe present invention, a devicemay provided

15 comprising a mesh membrane; hydrophobic and hydrophilicadhesives within the mesh

membrane for the enhancement of fluidic capture and transport flow, wherein the

developed surface energy properties ofspecific adhesive formulations has allowed the

availability of extreme hydrophobic and hydrophilic properties and various viscosities as

to.promotc absorption into the pores ofthe mesh membranes, creatmg pressm* sensitive

20 adhesives along with fluid attractive properties to direct optunal fluid capture, transport,

and flow.

In yet another embodiment ofthe present invention, an actuation device may be

provided comprising a combined lancing and blood sample analysis device in a single

disposable cartridge, wherein the cartridge does not have conducive leads and includes a

25 wicking material surroundmg a penetrating member exit.

hi yet another embodiment of the present invenUon, a method may be provided

comprising providing a fluid sampling device comprising a cartridge, at least one

penetrating member mounted on the cartridge, and a wicking material positioned to

. substantiaUy surround at least one penetrating member exit bn the cartridge so as to

30 acquire body fluid flowing from a wound on the patient created by actuating the

penetrating member. The mefliod may involve positioning the cartridge so that launching

the penetrating member creates a wound on flie patient which expresses body fluid and
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using the wicking member to capture fluid expi^ssed from the wound. The wicJdng
member may comprise ofa hydrophilic portion and a hydrophobic portion.

A forflier understanding ofthe nature and advantages of the invention vriU become

^

apparent by reference to the remainiiig portions of the specification and dmwmgs.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure

1
iUustmtes an embodiment ofa controllable force driver in the fonn ofa

cylmdrical electric penetrating member driver using a coiled solenoid -type configuration

^'^"^^Aillustratesadisplacementovertimeprofileofapenetratingmember

10 drivoi by a harmonic spring/mass system.

P»^2Billustratesthevelocityoverthneprofileofape„etr.tingmemberdriver

by a harmonic spring/mass system.

Figure 2C illustrates a displacement over time profile ofan embodiment ofa
controllable force driver.

Figure 2D illustrates a velocity overtime profile ofan embodiment ofa
controllable force driver.

Figure
3 is a diagrammatic view illustrating a controlled feed-back loop.

Figure 4 is a perspective view ofa tissue penetmtion device having featm^s ofthe

15

20

30

mvention.

Figure 5 is an elevation view in partial longitudinal section of the tissue

penetration device ofFigure 4.

Figure 6A shows one embodiment ofa device which may use the present
inventioa

Figure 6B shows one embodhncnt ofa cartridge according to the present
25 inventioa

Figure 7 is a perspective view ofone embodiment with mesh on a cartridge.

Figure
8 is a view shovring a penetrating member diameter.

Figure 9 shows one embodiment of the mvention with a mesh with an opening fi)r

penetrating member exit.

Figures IDA through IOC show various embodiments ofsample capture devices.
Figure 11 is a side view ofa sample capture device. '

.

Figures 12A through 12D show various embodiments ofsample capture devices.
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Figure 13 shows one method ofmanufacturing a sample capture device.

Figures 14 through 16 show other configurations ofa device according to the

present invention.

Figure 17 shows one method of manufacturing a sample capture device.

5 Figure 18 through 21 show configurations of sample capture devices.

DESCRIFnON OF THE SPECIFIC EMBODIMENTS

It is to be understood that both the foregomg general description and the following

detailed description are exemplary and explanatory only and are not restrictive ofthe

10 invention, as claimed. It may be noted that, as used in the specification and the appended

claims, the singular forms "a", "an" and '%e'' include plural referents unless the context

clearly dictates otherwise. Thus, for example, reference to «a material" may include

mixtures of materials, reference to «a chamber" may include multiple chambers, and the

like. References cited herein are hereby incorporated by reference in their entirety, except

15
totheextenttbattheyconflictwithteachingsexplicitlysetforthinthisspecification.

In this specification andm the clafans which follow, reference wiU be made to a

. number oftenns which shall be defined to have the foUowing meanings:

"Optional" or "optionally" means that the subsequentiy described circumstance

may or may not occur, so that the description includes instances where the circumstance

20 occurs and instances where it does not. For example, if a device optionally contains a

feature for analyzing a blood sample, this means that the analysis feature may or may not

be present, and, thus, the description includes structures wherein a device possesses the

analysis feature and structures wherein the analysis feature is not present.

The present invention may be used with a variety of different penetrating member

25 drivers. It is contemplated that these penetrating member drivers may be spring based,

solenoid based, magnetic driver based, nanomuscle based, or based on any other

mechanismusefulinmovingapenetratingmemberalongapathintotissue.
Itshouldbe

noted that the present invention is not hmited by the type of driver used with the

penetrating member feed mechanism. One suitable penetrating member driver foruse

30 with the present mvention is shown in Figure 1 . This is an embodiment of a solenoid type

electromagnetic driver that is capable of driving an iron core or slug moimted to the

penetratingmemberassemblyusingadirectcurrent(DC)powersupply.
Ihe
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.8
electromagnetic driver includes a driver coil pack that is divided into three separate coils

along the path ofthe penetratmg member, two end coils and a middle coil. Direct current

is alternated to the coils to advance and retract the penetrating member. Although the

driver coil pack is shovwi with three coils, any suitable number of coils may be used, for

example, 4, 5, 6, 7 or more coils may be used.

Referring to the embodiment ofFigure 1, the stationary iron housing 10 may

contain the driver coil pack with a first coil 12 flanked by iron spacers 14 which

concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner

insulating housing 16 isolates the penetrating member 18 and iron core 20 from the coils

and provides a smooth, low j&iction guide surface. The penetrating member guide 22

further centers the penetrating member 18 and iron core 20. The penetrating member 18

is protracted and retracted by alternating the current between the firet coil 12, the middle

coil, and the third coil to attract the iron core 20. Reversing the coil sequence and

attracting the core and penetrating member back into the housing retracts the penetrating

member. The penetrating member guide 22 also serves as a stop for the iron core 20

mounted to the penetrating member 18.

As discussed above, tissue penetration devices which employ spring or cam

drivmg methods have a symmetrical or nearly symmetrical actuation displacement and

velocity profiles on the advancement and retraction of the penetrating member as shown

in Figures 2 and 3. In most ofthe available penetrating member devices, once the launch

is initiated, the stored energy determines the velocity profile until the energy is dissipated.

Controlling impact, retraction velocity, and dwell tune of the penetrating member within

the tissue can be useful in order to achieve a high success rate while accommodating

variations in skin properties and minimize pain. Advantages can be achieved by taking

into account ofthe fact that tissue dwell time is related to the amount ofskin deformation

as the penetrating member tries to puncture the surface of the skin and variance in skin

deformation from patient to patient based on skin hydration.

In this embodiment, the ability to control velocity and depth ofpenetration may be

achieved by use of a controllable force driver where feedback is an integral part ofdriver

control. Such drivers can control either metal or polymeric penetrating members or any

other type oftissue penetration element. The dynamic control of such a driver is

iUustrated in Figure. 2C which illustrates an embodiment ofa controlled displacement
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profile and Figure 2D which Ulustrates an embodiment ofa the controlled vdocity

profile. These are compared to Figures 2A and 2B, which illustrate embodiments of

displacement and velocity profiles, respectively, of aharmonic spring^mass powered

driver. Reduced pain can be achieved by using impact velocities of greater than about 2

5
m/sentryofatissuepenetratingelem6nt.suchasapenetratingmember.intotissue.

Other suitable embodiments ofthe penetrating member driver are described in commonly

assigned, copending U.S. Patent Application Ser. No. 10/127.395, (Attorney DocketNo.

38187-2551) filed April 19, 2002 and previously incorporated herein.

Figure 3 illustrates the operation of a feedback loop using a processor 60. The

10 processor 60 stores profiles 62 in non-volatile memory. A user inputs information 64

about the desired circumstances or parameters for a lancing event. The processor.60

selects a driver profile 62 from a set of alternative driver profiles that have been

preprogrammed in the processor 60 based on typical or deshred tissue penetration device

performance determined through testing at the factory or as programmed in by the

15 operator. The processor 60 may customize by either scaling or modifying the profile

based on additional user input information 64. Once the processor has chosen and

customized the profile, the processor 60 is ready to modulate the power from the power

supply 66 to the penetrating member driver 68 through an amplifier 70. The processor 60

may measure the location ofthe penetrating membw 72 using aposition sensmg

20 mechanism 74 tiirough an analog to digital converter 76 linear encoder or otiier such

transducer. Examples ofposition sensing mechanisms have been described m tiie

embodiments above and may be found in the specification for commonly assigned,

copending U.S. Patent Application Ser. No. 10/127,395, (Attorney Docket No. 38187-

2551) filed April 19, 2002 and previously uicorporated herein. The processor 60

25 calculates ti>e movement of the penetrating member by comparmg the actual profile of tiie

penetrating member to the predetermined profile. The processor 60 modulates tiie power

to the penetrating member driver 68 through a signal generator 78, which may control tiifi

amplifier 70 so that the actual velocity profile ofthe penetrating member does not exceed

'

the predetermined profile by more than a preset em)r limit TTie error Umit is tiie

30 accuracy in the control of the penetrating member.

After the lancing event, tiie processor 60 can allow tiie user to rank tiie results of

the lancing event. The processor 60 stores these results and constructs a database 80 for
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the individual user. Using the database 79, the processor 60 calculates the profile traits

such as degree ofpainlessness, success rate, and blood volume for various profiles 62

depending on user input information 64 to optimize the profile to the individual user for

subsequent lancing cycles. These profile traits depend on the characteristic phases of

5 penetratmg member advancement and retraction. The processor 60 uses these

calculations to optimize profiles 62 for each user. In addition to user input information

64, an internal clock allows storage in the database 79 ofinformation such as the time of

day to generate a tune stamp for the lancing event and the time between lancing events to

anticipate the user's diurnal needs. The database stores information and statistics for each

10 user and each profile that particular user uses.

In addition to varying the profiles, the processor 60 can be used to calculate the

appropriate penetrating member diameter and geometry suitable to realize the blood

volume required by the user. For example, ifthe user requires about 1-5 microliter

volume ofblood, the processor 60 may select a 200 micron diameter penetrating member
to achieve these results. For each class ofpenetratmg member, both diameter and

penetrating member tip geometry, is stored in the processor 60 to correspond with upper

and lower limits of attainable blood volume based on the predetermined iiisplacement and

velocity profiles.

The lancing device is capable ofpromptmg the user for information at the

beginning and the end of the lancing event to more adequately suit the user. The goal is

to either change to a different profile or modify an existing profile. Once the profile is

set, the force driving the penetrating member is varied during advancement and retraction

to foUow the profile. The method oflancing usmg the lancing device comprises selecting

a profile, lancing according to the selected profile, determining lancing profile traits for

each characteristic phase of the lancing cycle, and optimizing profile traits for subsequent

lancing events.

Figure 4 illustrates an embodiment of a tissue penetration device, more

specifically, a lancing device 80 that includes a controllable driver 179 coupled to a tissue

penetration element. The lancing device 80 has a proximal end 81 and a distal end 82. At

the distal end 82 is the tissue penetration element in the form ofapenetrating member 83,

which is coupled to an elongate coupler shaft 84 by a drive coupler 85. The elongate

coupler shaft 84 has a proximal end 86 arid a distal end 87. A driver coil pack 88 is
*
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10

15

20

disposed about the elongate coupler shaft 84 proximal ofthe penetrating member 83. A

position sensor 91 is disposed about a proximal
portion 92 ofthe elongate coupler shaft

84 and an electrical conductor 94
electricaUycouplesaprocessor 93 to the position sen^

91
•meelongatecouplershaft84drivenbythedrivercoilpack88

controlled by the

position sensor 91 and processor 93 form the controllable driver, specifically, a

controllable electromagnetic driver.

Referring to Figure 5, the lancing device 80 can be seen in more detail, in partial

longitudinal section,m penetrating member 83 has a proximal end 95 and a distal end

96 v^ith a sharpened point at the distal end 96 of the penetrating member 83 and a dnve

head 98 disposed at the proximal end 95 of the penetrating member 83
.
A penetrating

memb« shafl201 is disposedbetweenthedrivehead98
and the sharpened pomt 97. THe

p^etrating member shaft 201 may be comprised of stainless steel, or any other smtable

material or alloy and have a transverse dimension of about 0. 1
to about 0.4 mm. The

penetratingmember shaft may havealengthofabout3mm
to about 50 mm, specifically,

about 15 mm to about 20 mm. The drive head.98 ofthe penetrating member 83 is an

enlarged portionhavingatransversedimension
greater thanatransversedh^^^^

penetratingmember shaft201 distal ofthe drive head 98. This configuration aUows the

drivefead98tobemechanicaUycapturedbythedrivecoupler85.
Hie drive head 98

may have a transverse dimension ofabout 0.5 to about 2 mm.

Amagneticmember 102 is secured to the elongate coupler shaft 84 proximal of

,hedrivecoupler85onadistalportion203oftheelongatecouplershaft84.
The

magnetic member 102 is a substantially cylindrical piece ofmagnetic material havmg an

axial imnen 204 extending die length of tiie magnetic member 102. The magnetic

member 102 has an outer transverse dimension that allows the magnetic member 102 to

J slide easily^ an axial lumen 105 of a low friction, possibly lubricious, polymer

guide tube 105- disposed v«thin tiie driver coil pack 88. The magnetic member 102 may

have an outer transverse dimension of about 1 .0 to about 5.0 mm. specifically, about 2.3

to about 2.5 mm. The magnetic member 102 may have a lengtii of about 3.0 to about 5.0

mm specifically,about4.7toabout4.9mm. Hie magnetic member 102 can be made

,0 fiom a variety of magnetic materials including ferrous metals such as ferrous steel, non,

feirite orthehke. The magnetic member 102 may be secured to the distal portion 203 of
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the elongate coupler shaft 84 by a variety ofmethods including adhesive or epoxy

bonding, welding, crimping or any other suitable method.

Proximal of the magnetic member 102, an optical encoder flag 206 is secured to

the elongate coupler shaft 84. The optical encoder flag 206 is configured to move within

a slot 107 in the position sensor 91 . The slot 107 ofthe position sensor 91 is formed

between a first body portion 1 08 and a second body portion 1 09 of the position sensor 91

.

The slot 107 may have separation width ofabout 1 .5 to about 2.0 mm. The optical

encoder flag 206.can have a length ofabout 14to about 18mm,awidthofabout3to
about 5mm and a thickness ofabout 0.04 to about 0.06 mm.

The optical encoder flag 206 interacts with various optical beams generated by
LEDs disposed on or in the position sensor body portions 108 and 109 ia a predetennined

manner. The interaction ofthe optical beams generated by the LEDs ofthe position

sensor 91 generates a signal that indicates the longitudinal position ofthe optical flag 206
relative to the position sensor 91 with a substantiaUy high degree ofresolution. TTie

resolution ofthe position sensor 91 may be about 200 to about 400 cycles per inch,

specifically, about 350 to about 370 cycles per inch. The position sensor 91 may have a

speed response time (positionAime resolution) of 0 to about 120,000 Hz, where one dark
"

and light stripe ofthe flag constitutes one Hertz, or cycle per second. The position ofthe

optical encoder flag 206 relative to the magnetic member 102, driver coil pack 88 and

position sensor 91 is such that the optical encoder 91 can provide precise positional

mformation about the penetrating member 83 over the entire length ofthe penetrating

member's power stroke.

An optical encoder that is suitable for the position sensor 91 is a linear optical

incremental encoder, model HEDS 9200, manufactured by Agilent Technologies. The

model HEDS 9200 may have a length ofabout 20 to about 30 mm, a width of about 8 to

about 12 mm, and a height ofabout 9 to about 1 1 mm. Although the position sensor 91

illustrated is a linear optical incremental encoder, other suitable position sensor

embodiments could be used, provided they posses the requisite positional resolution and

time response. TheHEDS 9200 is a two channel device where the channels are 90 .

degrees out -ofphase with each other. TUs results in a resolution offour times the basic

cycle ofthe flag. These quadrature outputs make it possible for the processor to deteiminft

the direction ofpenetoating member travel. Other suitable position sensors mclude
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capacitive encoders, analog reflective sensors, such as the reflective position sensor

discussed above, and the like.

A coupler shaft guide 111 is disposed towards the proximal end 81 of the lancing

device 80. The guide 111 has a guide lumen 112 disposed in the guide 1 1
1
to slidingly

accepttheproxfanalportion92ofthe elongate couplershaft 84. TheguidelU keeps the

elongate coupler shaft 84 centered horizontally and vertically in the slot 102 of the optical

encoder 91.

The driver coil pack 88, position sensor 91 and coupler shaft guide 111 are all

secured to a base 1 1 3. The base 1 13 is longitudinally coextensive with the driver coil

pack 88, position sensor 91 and coupler shaft guide 111. TTie base 113 can take the form

of a rectangular piece of metal or polymer, or may be a more elaborate housmg with

recesses, which are configured to accept the various components ofthe lancmg device 80.

As discussed above, the magnetic member 102 is configured to slide withm an

axial lumen 105 ofthe driver coil pack 88. The driver coil pack 88 includes a most distal

first coil 1 14. a second coil 1 1 5. which is axially disposed between the first coil 1 14 and a

third coil 1 16. and a proximal-most fourth coil 117. Each ofthe first coil 1 14, second coil

115 thirdcoail6andfourthcoilll7hasanaxiallumen. The axial lumens ofthe first

through fourth coDs are configured to be coaxial vdth the axial lumens of the other coils

andtogetherformtheaxialtamenl05ofthedrivercoilpack88asawhole.
Axially

adjacent each ofthe coils 114-117isamagnetic disc or washer USthat augments

completion ofthe magnetic circuit of the coils 114-117 during a lancing cycle of the

device 80. The magnetic washers 118 ofthe embodiment ofFigure 5 are made of ferrous

steel but could be made of any other suitable magnetic material, such as iron or femte.

The outer shell 89 ofthe driver coil pack 88 is also made of iron or steel to complete the

5 magnetic path around the coils and between the washers 1 1 8. The magnetic washers 1 18

have an outer diameter commensurate with
an outer diameter of the driver coil pack 88 of

about 4.0 to about 8.0 mm. THe magnetic washers 118 have an axial thickness of about

0 05 to about 0.4 mm, specificaUy, about 0.15 to about 025 mm.

Wrapping orwinding an elongate electrical conductor 121 about an uncial lumen

0
untilasufficientnumberofwindingshavebeenachievedfomisthecoilsll4-117.

The

elongate electrical conductor 121 is generally an insulated soUd copper wire with a small

outer transverse dimension of about 0.06 mm to about 0.88 mm, specifically, about 0.3
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mm to about 0.5 mm. In oiie embodiment, 32 gauge copper wire is used for the coils

114-117. The number ofwindings for each ofthe coOs 114-117 ofthedriverpack 88

may vary with the size of the coil, but for some embodiments each coil 114-117 may have

about 30 to about 80 turns, specifically, about 50 to about 60 turns. Each coil 114-117

5 can have an axial length of about 1 .0 to about 3.0 mm, specifically, about 1 .8 to about 2.0

mm. Each coil 1 14-117 can have an outer transverse dimension or diameter ofabout 4.0,

to about 2.0 mm, specifically, about 9.0 to about 12.0 mm. llie axial lumen 105 can have

a transverse dimension ofabout 1 .0 to about 3 .0 mm.

It may be advantageous in some driver coil 88 embodiments to replace one or

0 more ofthe coils with permanent magnets, which produce a magnetic field similar to that

ofthe coils when the coils are activated. In particular, it may be desirable in some

embodiments to replace the second coil 1 15, the third coil 1 16 or both with pennanent

magnets. In addition, it may be advantageous to position a permanent magnet at or near

theproximal end ofthe coil driverpack in order to provide fixedm^et zeroing function

for the magnetic member (Adams magnetic Products 23A0002 flexible magnet material

(800)747-7543).

Refening now to Figures 6A and 6B, yet another embodiment ofthe present

invention will now be described. It should be underetood that this embodiment may be

adapted for use with devices described in commonly assigned copending U.S. Patent

Applications Ser. No. 10/323,624 (Attorney Docket No. 38187-2608) filed December 18,

2002. Figure 6A shows a device that may optionally use a cartridge as shown in Figure

6B. Figure 6B shows a radial cartridge 220. The cartridge 220 may optionally include a

sterility barrier 232 and a substrate 250 having a plurality of analyte detecting members

226. In this embodiment, the cartridge 220 is designed so that blood will enter the fluid

chamber 228 and be held there for analysis.

Figure 6B shows the radial cartridge 220 may optionally be used with a lancing

device 230. The radial cartridge 220may optionally be sealed with a sterility barrier 232

and be coupled to analyte detecting members mounted on a substrate 234. A suitable

device is described in commoniy assigned, copeiiding U.S. Patent Application No.

10/429,196 (Attorney Docket No. 38187-2662) folly incorporated herein by reference for

all purposes.
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It Should be understood that in some embodiments, the layer 234 may be removed

and the bottom layer ofthe cartridge 220 sealed. Instead, a ring 252 with a plurality of

analytedetecti„gmembers254(suchasthoseshowninFigureslOA-20)mayoptionaUy

beinaringco„fiEurationaroundthepenetratingmembercartridge220.
This orients one

5 analyte detecting member 254 for each penetrating member in cartridge 220. Some

embodimentsmayoptionallyhaveportionsof1hering254foldundemeathihecartridge

220 as shown in Figures 14 and 15.

Referrbg now to Figure 7. as described above, v^hen a penetrating member 340 is

actuated and extends outward from the cartridge 220, the mesh 320 may optionally be

10 pushedasideorpiercedbytheexitingmember340.
The resulting ring of capillary fibers

342 around the wound channel would be available after the penetrating member was

retracted to wick the blood sample into the sample channel.

TTie physical characteristics, ofthe mesh 320 is one aspect for successfully

transport ofblood to the analyte detecting member 250. In one embodiment, the mesh

1 5 320 may be pliable enough the allow relaxation, but maintain contact or near-contact with

the skin surface. An active region could be striped on the mesh to allowthebloodto only

travelinthedirectiontowardstheanalytedetectingmembe.
A different gauge capillary

fiber may optionally be used on the mains versus the cross. In another embodmient. the

mains may optionally have a smaller gage and higher pitch to promote vertical

20 movement. As an additional benefit, ifthe mesh assisted in distributing the force of

penetrating member impact with the skin, the cutting efficiency ofthe penetratmg

member could be increased.

In another embodiment, the mesh 320 would reduce the amount of

niicropositioningusedtoassurethat the droplet ofbody fluid gets to the analyte detecting

25 member. Tie potential vohame required by flie analyte detecting member could be

reduced by reducing the amount ofblood or body fluid that spontaneously rises to the

surfece of flie skin that is either not removed from the skin once the surface tension is

released in a tmditional. microfluidics methods. Traditional microfluidics could also have

ahigher volmne required to get the blood to the sample chamber.

30 Referring now to Figure 8. this embodimeht of the present invention pertams to

the 100 percent capture ofa bodily fluid generated from a wound upon lancing. THere are

problems when the blood droplet formed immediately after lancing. Th. droplet can be
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positioned in any position 360 degrees along the circumference ofthe lancing location.

Due to the observed lowjitter or lateral movement ofthe penetrating member during the

lancing protocol, the fluidic sample capture aperture with mesh will not obstruct the path

ofthe penetrating member. The model of the penetrating member and subsequent droplet

5 formation has provided a geometric dimension that will allow the fluidic sample capture

and transport struchnre to be constructed circumnavigating the entire penetrating member.

This penetrating member circumnavigating sample and capture mesh structure will allow

the capture ofa produced droplet and transport it directly to the sensor measurement

devices.

10 As seen in Figure 8, the drawing shows a calculation ofthe aperture opening

based upon the penetrating member 340 diameter and both the observed and specified

penetrating member lateral motion resolution. In addition, the aperture ring contains a
collection of fluid channels, withrespect to this particular disclosure, the mesh is to

transport the captured bodily fluid to the measurement sensore which also circumnavigate

15 the aperture opening. •

This embodiment ofthe invention provides a sample, capture, and transport

solution to that of an integrated physiological measurement device, which allows the

capture of the fluidic sample by mesh immediately upon flie penetrating member
operation. As seen in Figure 9, the structure contains an aperture ring structure 360.

20 which surrounds or circumnavigates the penetrating member wound. Upon the release of
the bodily fluid from the penetrating member wound, the bodily fluid droplet grows until

comes in contact with aportion of the fluid transporting mesh 360. Upon contact with the

fluid mesh, the bodily fluid through capillary action is wicked into the capillary mesh and

brought forth to the sensors also contained in tile aperture ring structure. In one

25 embodiment, tiie mesh 360 takes the blood and distributes it over a uniform surface.

There is insignificant amount ofsucking. pumping, or capillary force. In one

embodiment, flie mesh 360 spread tiie blood until flie fluid contacts a capiUary channel

^d at that point, the puffing an sucking begins. This is step one spreading. Step two is a

partial capillary or some pumping or sucking action (this is tiie pumping action since

tiiere are side^allstiiat are now pulling). Step 3 is taking tiirough a 90 degree bend to

bring the fluid to the analyte detecting member.

30
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Figure lOA shows a close vp ofa portion of the mesh. Figure lOB shows that

grooves or gratings 362 may also be used to serve the spreading function described. Sudi

grooves may optionally be pressed and create stnations on a plastic surface. It is creating

a fine textured surfece to distribute fluid. Figure IOC shows the scormg or grooves used

5 to spread the materials.

The mesh 360 or the gratings serves as the initial capture up front, which direct

blood to a capillary channel. It is also desirable m some embodiments to transport the

blood quickly, hence it is desirable to engage the blood in whatever orientation it may be

commg offofthe penetrating member. Mesh also displaces volume and thus it will use a

10 lower volume ofblood during transport. Single and double meshes can be used, hi the

present invention, since this is an mtegrated device, the user is blind as to where the blood

droplet is on the penetrating member It can be in a variety of orientations and the present

mesh 360 that surrounds the exit port will capture the blood and lead it to transport.

Irregardless of where the blood droplet is, it will be transported. In one embodiment, it

15 takes less than 10 seconds to transport blood to the analyte detecting member. In one

embodiment, it takes less than 5 seconds to transport blood to the analyte detectmg

member.

Figure 1 1 shows that the blood coming out will contact a mesh 360, regardless of

the orientation ofdie blood on the penetratmg member. This surrounding mesh helps to

20 ensure capture.

Referring now to Figures 12A-12C, the drawmgs shown describe several

configurations, of which there are three, buiU and tested. The structure in Figure 12A is

one embodiment with a cross section ofa fluidic structure 380 with a channel totally free

of adhesives. The topside connecting sections comprise of a PET film hydrophobic on the

25 outer most layer 382 and hydrophilic on the inner layer 384 abutting agamst the

hydrophobic douWe-sided adhesive layer 386. The bottom side would comprise of a PET

film hydrophiUc on the inner layer abutting against the hydrophobic adhesive and

hydrophobic on the outside. The inner fluidic channel region would be a sandwich

structure oftop PET fibn / fluidic mesh structures / and bottom PET film. The PET

30 surfaces abutting the mesh structures would be hydrophihc.

The structure in Figure 12B is a cross section ofa fluidic structure with a channel

free of adhesives. The structure 390 is very similar to the structure previously described.
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However, the difference is in the surface energy ofthe top and bottom PET films. The

hydrophobic surface 392 and hydrophilic surfaces 394 are reversed such that the outer

surface is hydrophilic arid the inner surface abutting either the adhesive layer or mesh is

hydrophobic. The fluidic channel regions remain free of adhesive.

The structure in Figure 12C is a cross section ofa fluidic structure with a channel

totally free ofadhesives. The structure is very similar to the first structure previously

described. However, this structure also incorporates a fluid entry port 396 ofwhich the.

surfece directly facing the droplet offluid has been slightly oversized in order to expose

additional mesh material. There exist a smaller hole on one PET film surfece which

matches the hole size ofthe mesh and a larger dissimilar hole on the opposite

sandwiching PET film surfece.

Figure 12Dshowsafi:ontviewoftheembodimentofFigurel2C. Thebloodwill
be spread and then pulled in the direction indicating by arrows 400. Some embodiments
may optionally have a tapered configuration (shown by phantom line 402) and facilitates

flow around a 90 degree bend. The taper accounts for bulging or bunch ofmaterials

when the neck is bent, which narrows flie effective channel available for fluid flow.

These embodiments ofthis invention entail a method ofimproving fluidic flow

through fluidic mesh transport structures by moderating the selection ofhydrophobicity

or hydrophilicity through surface energy. This method ofmoderating or modifying

surface energies can be done through a number of different means known to those

practicing the arts.
"

There are a number ofoptions that can be used to treat surfaces to obtain a

particular surface preference for degree ofhydrophilic or hydrophobic. The concerns

relating to the selection ofthe prefeired method oftreating a surface depends upon the

window ofneed for this respective treatment. Ifthe window ofpreference were for a

reliable long-temi state, then the method may dictate that the bulk properties ofthe

structured material or a physical coating that has good longevity be selected. If fiie

window ofpreference were to be a short-term state, such as tiiat used in the application of

an adhesive, then the method ofonly treating the surface will be preferred.

The metrology for detemining die state ofthe surface is usually die measurement

of the contact angle ofa small liquid standard and the material relative to ambient air. The
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n^easurementandmonitoringoflMs contact angle and surface energy ofti^^

deternnningtherelativeeffectivenessofthesurfacestatetreatmentorbulkf^^^^^^^^

The methods oftreatment are but are not limited to :

a) The fabrication with a natural bulk material used to determine the material's

5
bulksurfacepropertiesandtheentireprocessusedtofabricatethematerial.Anexample

ofthis would be the treatment ofPET (Poly(ethylene terephthalate)) orraw polyester.

b) The design ofthe material' s surface texture pattern by fabrication processesm

conjunction with the material'snatural bulk properties. Physical molding or mechamcal

machiningprocesses may accomplish this. An example ofthiswouldbethemodiiicahon

10 ofYoung's equation presented later in this discussion.

c) The use ofhigh energy sources such plasmas, ion guns, and sputtermg

techniques to either texture or modity the .mrfece molecular structure. This would m^^^^^

vacuum ion milling, vacumn or argon plasmas, or atmospheric plasmas or corona

processes. An example of this would be Argonplasma.Oxygenplasma.
ion mdlmg, or

15 Tantec corona treatments.

d). The use ofwet chemicals to etch and texture the surfece molecular structure.

An example ofthis would be Tetra-Etch.

e) nie use ofthin polymer films deposited by physical vacuum methodologies,

spinoncoatings, vapor depositedmethods,or
wet depositedthen activated viaphotomc

20
treatmentstoactivelyli»kmoleculesofchoiceforthesurface.Anexampleof^

befilmsbySurmodics. , • ^

f) The use by design and selection ofmembrane structures that require the msert

oradhesionoffihnsontosurfacesastocreatetheactualfluidconductionpath.An

exampleofthiswouldbemembranefilmsofferedbyMiUiporeorpaperfihnsofferedby

25 Scheicher&Schuell or Sefar America.

A BriefDiscussion On Surface Energy ofPolymers

WettabiUty and repellency of polymers against water arebasic surface properties

ofthe polymers. Hydrophillic and hydrophobic sirfaces are results of interactions at an^

interface between polymer and
water layers andcloselyrelatedtothe

surface energy of

30
thepolymer^.Hydrophilics«facemeansstrongmteractionswithwater.and^^^^

have to exist at the surface ofthepoIymer-Asaresult,
the contact angle ofthe polymer

against water is small. If the surface energy ofthepolymeris more
thanthat ofwater
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(72.8 mJ/N), the surface ofthe polymer will contact immediately wiA water, and the

contact angle will be zero. A hydrophobic surface means weak interactions with water at

an interface, and the surface consists mainly ofnonpolar groups. The contact angle ofthe
polymer against water is as large as 90 degrees, in some cases more than 1 00 degrees.

The surface energy ofa material is the excess energy per unit area due to the

existence ofthe free surface. In liquids, the surface energy is conventionaUy called

snrface.tensioa When two different surfaces contact each other and the two surfaces are

not mixed, the contact produces an interface and the excess energy is generated at the

interface by the formation ofthe intoface. The excess energy per unit area is called

interfacial energy or interfacial tension. The contact angle ofthe polymer against water is

a balance among the surface energy ofthe polymer ( Ys) and of water (Yl) and the

interfacial energy (Ysl).

The balance ofthe equation is written Yl COS theta =Ys - Ysl

Therefore, the higher the surfece energy ofthe polymer is and the lower the

interfacial energy is, the lower the contact angle is. In the extreme case that Ys is equal to

Yl and Ysl is zero, the contact angle becomes zero, and complete wetting is

accomplished.

The surface energy ofthe polymer defined by the excess energy per unit area due

to the existence ofthe free surface is closely related to cohesive energy density of the

polymer chains. Three methods are proposed for estimation ofthe surface energy of

polymers:

1) .
The method from the contact angles ofpolymer against different liquids using

Ys = Yl (1+cos theta )'>2 / (4 phi^2)

phi = ( 4(VsVI) 'Xl/S) ) / (((Vs'^Cl/S)) + (Vr(]/3)))A2

where Vs and VI are molar volumes ofthe polymer an dthe liquid, respectively.

2). The method from the Zisman plat - theoretically, the estimated value is not the

real surface energy value

3).
The method from fte surface tension ofmelted polymers.

The above discussions provide the basis and foundation ofhow surface energy, on
films and meshes can be both moderated and measured.-The structures in this invention

disclosure concern the creation ofcircular or rectangular tubular structures and how the

fluidic flow might be moderated or enhanced by the use ofsurfeces modified or
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360 leading partially into a capillary structure 408. Figure 15 shows a side view with the

electrodes 226 located over capillary structure 408. This an L-shaped configuration.

Some embodiments may not have a L-bend and may be linear configuration that is

vertical as indicated by phantom lines 440. Figure 15 also shows that the wicking

5 member is oriented to be perpendicular to the path ofthe penetrating member indicated

by arrow 361. The wicking member is oriented to intersect the path of the penetrating

'

member indicated by arrow 361.

Refening now to Figure 16, the drawing shows a schematic top and side view

depicting the integrated mesh membrane and capillary structure. This embodiment ofthe

10 invention relates to the integration ofa mesh membrane sample and capture structure with

a capillary transport to insure stable ^ucometric measurement. The structure is useful to

an integrated sample capture, transport, and measurement device for reliable and accurate

performance with very small sample volumes;

This embodiment of the invention pertains to the design and development ofa

15 blood droplet sample capture, blood fluid transport, and delivery onto a glucose

measurement device. The sample and capture mesh membrane mechanism guarantees

consistent capture ofa droplet after a penetrating member procedure. The resulting blood

droplet from die digit tip is captured by the mesh membrane structure 360 and transported

via the mesh membrane mechanism into a small capillary structure408 consisting of the

20 prior memlaane structure less the mesh membrane onto the surface ofthe glucose

measurement device. The height ofthis cavity for the measurement structure is

established by tiie electrochemistry limitations ofthe glucose measurement chemistiy.

The height specified is known to fliose practicing flie arts. This structure will allow

certain sample capture, rapid bansport, and reliable measurement. In an electrochemical

25 setup, the electi-odes (either a 2 electrode setup or a 3 electrode setup) will be positioned

to sample body fluid in tiie capillary structure area 408.

Refaring now to Figure 1 7, the drawing shows a step by step description ofone

embodiment for the fabrication ofan integrated mesh and adhesive structure. It should be

noted that the additional layer ofa hydrophilic adhesive layer at the bottom ofthe mwh
30 membrane pS)vides ah excellent sample capture surface within tiie fluid channel and at

the same time augmenting the channel sealing and definition at non fluidic flov? regions

by design. Figure 1 7 shows a hydrophobic adhesive layer 450 between two liners. The
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devicemayalsohaveameshlayex454.
Tl.eren.ayoptionaUy be a hydrophilic adhesive

,ayer456. Mer assembly, the devipe will have fl^d chaxH^els 460 and non^ha^^^

"''°"^LmbodiB.e„tofthepresentinve„tionrelatestotheinte^^^^

5

aBdhydrophihcadhesivesontoandv^tMnameshmembraneforthee^^^

fluidic capture ax.dtxan^rt flow. T^. developed surface energy properties of specrfic

adhesiveformulationshasallowedtheavaaabiHtyofextremehydrophobKand

hydrophilic properties and various vi«.sitie« as to promote absorption into the pores of

JemLmembranes.T^o.ghpropern^bydesi^,^emasldngofmeshrnembranes

^0
h^beenobtainablewithpressuresensitiveadhesivesalongwithfluidattracuve

propertiestodirectoptimalfluidcapture.transport,andflow.

TOs embodiment ofthe present invention may also pertain to the desrgn and

fabricationofmeshstructuresasamethodofsampie,capture.andtransportofbod^^^

fluids. Tire traditional methods ofpattem definition inmesh membrane structures has

15
beentoeitherbutandfitthemeshwithinapredefinedphysicalcapillarystructureorthe

in^pregnatingthemeshmembraneporesbytheprocessofscre^rprintrng.

The process of screen printing involves the use ofmany different chemrcals, hght

energies, or vapors *at might alter the chemistry ofthe mesh membrane surfece

chemistry or physics.
Tbusthe.seofaprefabricated,preformed,andpreproces^

20
pressuresensitiveadhesivetobepressedintothemeshmightbethemostoptrmal

applicationformeshmembranesurfacesthatareusedinmedicaldiagnostics.

Tbe uniqueness ofthis embodiment
ofthe invention is the further integration of a

selectivelayerofhydrophiBcadhesiveontothemeshmembranefluidchannels^^^^^

serveadual purposeof sealing
thefluidchannelstructure^mlateralflowle^^^^^^

the same timeserve as an enhancement surface for the fluid and transport channel

25

structure.re.

Referring now to Figure 1 8 a still further embodiment of the present invention

showsthatthewickingmaterialmayoptionallybedesignedtohaveflapswlnchonty

substantially
surroundthepenetratingmemberexitbutwiUstmengageblooo^^^^

30 bodyfluidflowingfromthewound. Other geometries are shown in Figures 19.|1.

Figurel9shows one embodiment withfour rectangular tabs 502. Figure20showsan

embodiment withfourtriangular tabs 504. Figure21 shows an embodhnent wrth three
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rectangular tabs 506. These tabs are positioned to contact body fluid that may be
expressed from a wound on the patient. It should be understood that a variety ofother
shapes, combinations of shapes, combination ofshapes described above, and/or other
configurations may be used so long as the substantially ensure the blood coming from any

5 orientation from the penetrating member wound will be captured. Some embodiments
may simply have a round opening without the tabs. Other shaped openings such as
square, rectangular, oval, triangular, octagonal, polygonal, or combinations ofany ofthe
above are possible.

While the invention has been described ana illustrated with reference to certain

10 particular embodiments thereof. thoseskiJled in the art will appreciate that various
adaptations, changes, modifications, substitutions, deletions, or additions ofprocedures
and protocols may be made without departing from the spirit and scope ofthe invention
For example, with any ofthe above embodiments, the location ofthe penetrating member
dnvedev.cemaybevaried.relativetothei«netratingmembersorthecartridge.

With
15 any of the above embodiments, the penetrating member.tips may be uncovered during

actuation (i.e. penetrating members do not pierce the penetrating member enclosure or
protective foil during launch). With any ofthe above embodiments, the penetrating
members may be a bare penetrating member during launch. With any ofthe above
embodiments, the penetrating members may be bare penetmting members prior to lamx^h

0 as this may aUow for significantly tighter densities ofpenetrating members, in some
embodunents. the penetrating members may be bent, curved, textured, shaped, or

otherwisetreatedataproximalendoraieatofacilitatehandlingbyanactuator.
The

penetrating member may be configured to have a notch or groove to facilitate coupling to
a gripper. The notch or groove may be fortoed along an elongate portion of the

5
penetrating member. With any ofthe above embodiments, the cavity may be on the
bottom or the top ofthe cartridge, with the gripper on the other side. In some
embodiments, analyte detecting members may be printed on the top, b6ttom, or side of
the cavities. TT,e front end of the cartridge maybe in contact with a user during lancing.
The same driver may be used for advancing and retortion of the penetrating member.
The penetrating member may have a diameters and length suitable for obtaming the blood
volumes described herein. Tie penetrating member drivermay also be in substantially
the same plane as the cartridge. In some embodiments, one pin may be configured to
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1 1. Abodyfluid5ainplingdeviceforuseonapatient.thedevice
2 compnsing:

^ a cartridge;

4 **^^^0"«I«"etratingmeinbermountedontbecartridge;and

. "^''^"8»^*«J^P<>«tioriedtosubstantiallysuxroundIt'leastone

penetratinginemb^exit on the cartridge soastpacquixB bodyfluid flowing
wound on the patient created by. actuating the penetrating member.

^
2. Abodyfluidsamp]ingdeviceforuseonapatient,thedevice

I comprising:
'

3 a cartridge having a radial-disc shape;

4 ^P*"^"^°fP^n«frating members mounted on said cartridge-

.5

^ "^^"^'^^"^^^^^^^-fi^^^ideofsaidcartridge.saidsensoiimaterial

6 sufficient for detecting at least one analyte; and

7 "^'^^S'»^*«"«lP°««°°edtosubstantiaUysurrou„dape
'

m^bere»tsoastoac^bodyiluidflo.ingfromawo^dcrea^

memberanddrawthebodyfluidtothesensorymaterial.
9

3. The device ofclaim
] further comprising a capilla^^ structure

coupled to the wicldng material. sddcapiUary structure bring saidfluid to the sensory
3 material,

1

2

3

1

2

3

4. The device ofclaim 1 further comprising a capillary structure
coupled to the wicldng material, said capillary structure bring said fluid to the sensory
matenal positioned on a plurahty ofelectrodes located in the capillary structure.

5. The device ofclaim 1 further comprising a capillary structure
coupled to the wicldng material, s^d capillary structure bring said fluid to the senson.

-^^^^Positionedonaplurahtyofeleptrodesandaremfluidcom

4 capillary structure.

'
.

'^'''""'°^'^'^^*^^«>-<^°»Prisingapl«raIifyofelectKKles
^ each having said sensory material.
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1 7. The device of claim 1 wherein the sensory material is mounted on a

2 plurality of electrode.

1
8" The device of claim 1 a plurality of sets of electrodes are associated

2 with each penetrating member.

J 9. The device of claun 1 wherein the wicking material has a lollipop

2 configuration.

1 10 , The device ofclaim 1 wherem the wicking material is oriented

2 perpendicular to a path ofthe penetr^tmg member.

1 1 1 . The device of claim 1 wherein the wicking material is oriented to

2 mtersect a path ofthe penetrating member.

1 12. The device of claim 1 wherein topside comiecting sections ofthe

2 wicking member comprises a PET film hydrophobic on an outer most layer and

3 hydrophilic on an imier layer abutting against the hydrophobic double-sided adhesive •

4 layer.

1 13. The device ofclaim 1 wherein bottom side sections ofthe wicking

2 member comprises a PET film hydrophilic on the imier layer abutting against the

3 hydrophobic adhesive and hydrophobic on the outside, wherein an inner fluidic channel

4 region is a sandwich structure oftop PET film / fluidic mesh structures / and bottom PET

5 fihn, wherem the PET surfaces abutting the mesh structures are hydrophihc.

1 14. The device ofclaim 1 wherein a plurality ofwicking members are

2 positioned in a ring configuration around the cartridge.

1 15. The device of claim 1 wherein a plurality of wicking members are

2 positioned in a ring configuration around the cartridge, with at least one wicking member

3 for each penetrating member in the cartridge.

1 16. A body fluid sampling system for measuring analyte levels in the

2 body fluid, said system comprising:

3 a housing having a transparent window;

4 a cartridge in said housing;



wo 2005/063414

28

PCT/US2004/044054

a plurality ofpenetrating member in said cartridge;

8

9

7 sufficient for detectfflg at least one analyte;

a wicking material positioned to substantially surround a penetrating

2 -^^^-^-alytedetectingmemb^andpositionedtoextendoveratl^^^
3 penetrating member exit chamber on said cartridge.

^ 18. A device comprising:

a mesh membrane;

3

4

5

6 by design;

7

8
^^^'^^^^^^^-^-tegrateontoandwithinameshmembranefor

'

defimng a fluid channel within the mesh membrane stmctui^.

19. A device comprising:

a mesh membrane;

Of« oap»„ »a ^„.^„ „,^i„^
P«»«« of.p»fi. adhesive fo™„M„„, allowed fte avaiM„ „f

""•^PO-rf*'—
««nb™„es,c^,i„gp^„e„„si.veadhe3iv.,,to„,!ia

tad atoavep^perte, to di™, optaal O^d c,p,„e, topc^ a„„.

20. An actuation device comprising:

a combined lancing and blood sample analysis device in a single

^osableca^dg^saidcartn-dgedoesnothaveconduc^^^

material surromidmg a penetrating member exit.

21. A method comprising:

1

2

3

4

5

6

7

1

2

3
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2 providing a fluid sampling device comprising a cartridge, at least one

3 penetrating member mounted on the cartridge, and a vdcking material positioned to

4 substantially surround at least one penetrating member exit on said cartridge so as to

5 acquire body fluid flowing from a wound on the patient created by actuating the

6 penetrating member;

7 positioning the cartridge so that launching the penetrating member creates

8 a wound on the patient which expresses body fluid;

9 using the wicking member to capture fluid expressed from the wound.

1 22. The method ofclaim 21 wherein the wicking member comprises of

2 a hydrophilic portion and a hydrophobic portion.

1 23. The method ofclaim 21 wherein a plurality ofwickmg members

2 are used, each associated with at least one penetrating member and each ofthe wicking

3 members having a lollipop configuration.

1 24. The method of claim 21 wherein the wicking member is coupled to

2 each of said analyte detecting member and positioned to extend over at least a portion ofa

3 penetrating member exit chamber on said cartridge.

1 25. The method of claim 2 1 further comprising a capillary structure

2 coupled to the wicking material, said capUlary structure bring said fluid to the sensory

3 material.

1 26. The method ofclaim 21 fiirther comprising a capiUary structure

2 coupled to the wicking material, said capillary structure bring said fluid to the sensory

3 material positioned on a plurality of electrodes located in the capillary structure.

J 27. The method of claim 21 further comprising a capillary structure

2 coupled to the wicking material, said capillary structure bring said fluid to the sensory

3 material positioned on a plurality of electrodes and are in fluid communication with the

4 capillary structure.

1 28. The method of claim 21 further comprising a plurality of electrodes

2 each havmg a sensory material.
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1 29.
:
.The.inethodofcIaim21 a plurality ofsets ofelectrodes are

2 associated with each penetrating member.

[
30. Themethodofclaim21

whereinthewickingmaterialhasa
2 lollipop configuration.

1 31., Themethodofclaim21
whereinthewickingmaterialisoriented

2 perpendicular to a path of the penetrating member.

1- 32. Themethodofclaim21
whereinthewickingmaterialisoriented

A to intersect a path ofthe penetrating member.

.
33. n,e method ofclaim 21 wherem topside comiecting sections of

the w,ckmg member comprises a PET film hydrophobic on an outer most layer and
hydrophilic on an imier layer abutting against the hydrophobic double-sided adh.,,v.

1

2

3

4

5

1

2

1

2

3

t

34. The method of claim 21 wherein bottom side g sections ofdie

wiclangmembercomprisesaPETfilmhydrophilicontheinnerlayerabutting-againstth^

hydrophobic adhesive and hydrophobic on the outside, wherein an imier fluidic channel
rc&on ,s a sandwich structure of top PET film /Huidic mesh structures / and bottom PET
film, wherein the PET surfaces abutting the mesh structures are hydrophilic.

35. The method ofclaim 21 wher^ a pluraHty ofwicking member,
are positioned m a ring configuration around the cartridge.

36. The method of claim 21 wherein a plurality ofwicking members
are positioned in a ring configuration around tiie cartridge, with at least one wicking
member for each penetiating member in the cartridge.
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